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ABSTRACT One of the most important contributmns of the IUE
[UE observations of Nova LMC 1990 No. 1. the first satellite to the study of novae has been the identification

neon (or ONeMg) i_ova observed outside the Galaxy, were of a subclass of objects which eject mater_al ennched m
obtained from 17 January 1990 through March 1990, with intermediate mass elements (nitrogen to sdicon, see ref. 7).
especially" dense coverage during the first 25 days of the As a result of the great strength of the uhravlotet and optlcal
outburst. (The "neon" nove. categorization is based on the neon lines, these novae have come to be known as "neon"

detection of forbidden Ne III-V lines in optical spectra: the novae, although they are also very rich :n other elements.
ultraviolet neon lines were not detec_,ed.) During the first Nucleosynthesis studies have shown that these outbursts
30 days of the outburst, the radiative losses were dominated must occur on ONeMg white dwarfs in contrast to the novae
by the N V A1240 and C IV A1550 lines. The maximum that occur on CO whtte dwarfs. These two classes of nova

ejection velocity was approximately 8000 kin/s, based on systems may originate from different stellar populatmns
the blue absorption edge of the C IV P-Cygni profile. Early since ONeMg white dwarfs are expected to arise from more
in the outburst of Nova LMC 1990 No. 1 the UV luminosity massive stars than the CO white dwarfs. In addition, it is
alone was ~ 3 x 1038 erg/sec, implying that the bolometric now suspected that the 28A1 present in the solar system
luminosity was well in excess of the Eddington luminosity and detected by the Solar Maximum .Mission may come
for a one solar mass object, from ONeMg novae. Until 1990, H,'E had observed two fast

Keywor.4s: Novae, ultraviolet spectra ONeMg novae, V693 CrA, and Nova Aql 19S2. and one slow
ONeMg nova, QU Vul. The discovery of Nova LMC 1990
No. 1 as not only a fast ONeMg nova. but also having an

outburst very similar to that ot_ V693 CrA has important
I. INTRODUCTION implications for our understanding of massive binary star

A nova was discovered in the Large Magellanic Cloud evolution in the LMC and in the Galaxy.
by Garradd (ref. 1) on 16.47 January 1990 at a visual
magnitude of 11.5 (since a second nova was also discovered
in the LMC about or,e month later, they are known as LMC II. OBSERVATIONS AND DATA ANALYSIS

1990 No. 1 and LMC 1990 No. 2). "IUE observations As mentioned above, the first IUE spectra of Nova
began on 17.95 January, within hours of auuouncement of LMC 1990 No. 1 were taken on 1S January. Due to the
the discovery. Initial ultraviolet spectra (18.05 January f,xct that US2 shifts for other programs of the authors were
1.990, references 2 and 3) showed a hot continuum and fortuitously scheduled during the period 20 January through
strong emission lines (N V, Si IV, C IV, and Al Ill) with early February, we were able to arrange very thorough
P-Cygni profiles. The P-Cygni lines had flat-bottomed coverage of the outburst with little impact on the IUE
absorption troughs extending to more than -6000 km s-t. schedule. Spectra were obtained daily during the first i0
This remarkable spectrum and large expansion velocities are days of the outburst, resulting in very detailed light curves.
verysimilartoearlyoutburstspectraofV_3 CrA (Nova
CrA 1981),an ONeMg nova(ref.4),and U Sco 1979(ref. Low-dispersion!urge-aperturespectrawere obtained

5). withboth cameras(SWP and LWP). This papetfocuses
primarilyon the spectrumbelow2000.-_.A singlehigh-

FurtherevidenceofNova LMC 1990No. l'ssimilarity dispersionLWP spectrum was takenon 19.16January.

to V69)CrA came from Dopita and Rawlings (ref. 6), who Superposed on the broad Mg II emission line was the
reported the appearance of forbidden neon lines in optical characteristic LMC interstellar abso, .ion pattern (0 to
spectra. [Ne III] A3868 appeared on 22 January, and [Ne V] +300 km s-t), showing conclusively that the object in
A3426on 29January.By 13February1990(ref.6)[Ne V] outburstwas locatedintheLMC.
was thestrongestemissionfeatureinthevisualspectrum,

The strongemissionlineswereN V A1240,SiIV At400.

Nova LMC 1990No, 1 was clearly-',"neon"nova. C IV A1550,and At IllA1860, Additionalemls_.ionlines

presentinearlyspectraofthe nova includeSi IIA1260,
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O I A1301. N IV] A1486, O llI] A1666, N I1!! A1730, C III] This behavior indicates that Mg II fol!ows the decline :
A1909, Al II A2670. and Mg II A2800. , he ultraviolet in density as the ejecta expands whtie the h1_her lonJzatTon

forbidden neon lines seen at late stages in other ONe.Mg resonance lines, being more depende,lt on the iomzing

novae ([Ne IV] A1602 and A2420) were not detected in our radiation field, provide optical depth information. C IV

spectra. This is not surprising since they did _ot appear in had a strong P-Cygni profile until about .30 January lq')0

either '¢693 CrA or QU Vul until well into the nebular stage This point in the outburst marks the trar.sltion to optically

when the aens!ty had decreased sufficiently from outburst thin conditions in the ejecta. Mg II never dlspla3ed P-C': gni
values. The Si IV, C IV, and AI III P-Cygni lines bad flat- structure.

bottomed absorption troughs extending to -7500, -S000. and Figure 2 shows SWP spectra (,\,\1225 - 2000) on four

-6000 km s-l. respectively and emission profiles with widths dates. The spectra are normalized to t!le peak flux in N \

(FWH.M) of _ 4000 km s-1. Unfortunately, geocoronal the stronge:t line m the ultravzolet spectrum. The c._.arac:er
Lvman _ badly contaminated the N V absorption trough.

making quantitative comparison of N V with other P-Cygni of the spectra changed raptdl.v. Relative to N V (and other

_bsorption features very difficult, high- temperature linest, lines of neutral and sing] 3 ionized
" species faded very quickly (compare Si I[ ,\_,260 and O I

F;gure 1 _hows the light curves for the total ultrawolet ,\1.301 on 1S a_d 23 Januar.v). During th_s per_od the C i\
flux (,\AI200 - 3300. excluding geocoronal Lyman o), and absorptmn became narrower.
the N V. C IV. and .%Ig II lines. The 1-,_ measurement

error is no larger than the symbol size m the figure. The The changes in the Si IV and C IV lit:,: ._rofiles d_r:ng
decline in total ultraviolet flux in Nova LMC 1990 No. the entire outburst are shown in Figure ] Sate the

I is very similar to that for V693 CrA. The N V and narrowing of the C IV absorp,ion mentioned above, the

C IV lines are at maximum strength sim,,ltaneously with significant increase in the C [V absorption on 25 January

the overall ultraviolet continuua,. .Mg II and AI III are (see below), and the gradual narrowing of the C IV e:m,,slon.
The development of N IV] ,\1156 after about :26 January Is
atso evident.

-9 '_ovo "MC 1990 _qo' L,_nt, CJr_es Assuming that the shell was elected ballistlcal]_., so

that the velocxt.v ts proportional to distant.e, the terminal

velocity of a P Cygni profile should decrease with time as

the optical depth decreases. This as due to the recession of

e, the optically thick surface backwards tltrough the ejecta I_ e.

_* through more slJwly mo_ing layers), e_e,_tualI)" reach,'__,2
-- 10 Total _'lu* (1200 - 3300)

0. the completely optically" thin regime. Thus the narrm_lng

• ° observed for the C IV absorption, is consistent with a st:igle.
• rapid ejection event.
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Figure 1. Ultraviolet light curves for Nova LMC 1990 No. 1. V
The total ultraviolet integrated flux (AA1200 - 3300) i__hown with 1

.MKII ,\2800 lin_ ate shown by solid squares, open circles, and
solid diamonds, respectively. The break in slope m N V and C I_'.

opposed to Mg II, neat day 30 it due to decreeing optical depth in
the Lymao continuum.
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also initially strong but decline more rapidly. The neutral Wovelencjth (A)

oxygen line (,\1301) declined even faster, being strong in our Figure 2. Four Iow-disp_,r_n spectra of Nova LMC I990 So 1

first spectrum attd UlUCh weaker thereafter, thaw the long-term spectral _volution in the A,\1200 - 2000 regtori
Geocoron,,l Lyman o hM been omitted. The _pectr,, are normahzou
to the peak flux in N V AI2.t0.
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Nova LMC lggo No. 1 corresponding to the transition to optically thin condit;ons.
8 _ which appears to be about 20 days into the outburst. This

0ay of ',_gO fact, taken in combinatinn with the !ight cur_e and _pectral
morphology observed in the recurrent nova LMC 1990 .No. '2
(ref. 8), suggests an ejects mass 10-5 to 10-6 .1[.- for No_._

7 _ LMC 1990 No. 1. or about 10 to 100 time.; that derised for
31.02 _ Nova LY.IC 1990 No. 2.

'28.22 _ The sudden appearance of [[e II Al610 bet',veen '2_
6 - January and 4 February is important {see Fig. 2) for _t

26.25 indicates when the Lyman continuum became opticall3 thin
and that a significant extreme ultraviolet 1100.-_,<.\ < 300A j

co_ 25.27 flux was still present three weeks into the outburst. The
u. 5,. presence of a strong ionizing source after the she// became
0 optically thin is further supported by the continued strength

, + of the ultraviolet and optical fie I[ iines at late times. The
X

Mg I[ line. on the other hand. is .,,till qntte strong, indicatmu
4.

that the optical depth through most of the outbur._t was
large and that the column den_tt_es were h_h
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Ftgure 3. Gallery of low-dispersion spectra of Nova LMC 1990 • i

No 1 showing the deluded evolution of the Si IV and C IV profiles. - 12 5
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III. RESULTS
Figure 4. Comparisonof N V ._1240 an._C IV ),1,350 fluxes

Close examination of the Si IV AI400 and C IV A1550 The change in slope for logF,vv < -11.0 ,ndteates the transmon to
opttcally thin condttions m the ejecta.line profiles indicates that a secondary ejection event may

have occurred on 25 January. Between 23 and 25 January
the optical del:th ;n the high-velocity portion (v < -4,000
km s -1) of the C IV P-Cygni absorption increased by about
a factor of five. At the same time, the Si IV absorption

trough disappeared, the AI Ill absorption trough weakened, Unlike most novae in the Galaxy, the distance and
and the total C IV, N V, and Mg lI emission increased by the interstellar extinction for the LMC is reasonably well.
~ 50 percent. In fact, the total ultraviolet flux also increased known. Assuming a distance o{ 55 kpc, E(B - V) =
by a similar amount. These latter changes are evident in 0.15 (non-30 Dot extinction), and a spherically.symmetric
the integrated and line fluxes shown in Figure 1. By 26 outburst, we can determine the absolute ultraviolet fluxes
January the fluxes and line profiles have returned to their for Nova LMC 1990 No.l. Early in the outburst the
23 January state, ultraviolet luminosity alone (,X_I200 - 3300) is ~ 3 x ',038

OfF/see, which exceeds the Eddington luminosity for a one
Narrow emission feat,-es developed on top of the broad solar mass object. The bolometric luminosity must be at

wings of C IV and He [I after :he ejects become optically least a factor of two larger,
thin. The narrow component persists through our late-time
spectra, while the broad component disappeared by the end In contrast with Nova LMC 1990 No. 2. more of the
of the IUEseries after a steady decrease in intensity, outburst energy is transferred to the ejects in the form

of kinetic energy. Given the mass and velocity estimates.
The interdependency of the C IV and N V emission about equal amounts of energy were lost by expansion and

fluxes is shown in Figure 4. The constancy of the C IV radiation during the first 30 days of the outburst of Nova
flux for IogFNv > -11.0 is Likely an optical depth effect. LMC 1990 No. 1, compared with less than tO percent being
The slope of the correlation changes at the i'; V flux level mechanically transported ia Nova LMC 1990 No. 2 (ref. 9).
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,l The nitrogen abundance in Nova LMC 1990 No. 1
., appears to be larger tha.a normal for the LMC. Based on

the strength of the N IlI-V lines throughout dm outburst,
especially after 30 Janu_y, it is likely that the N/C ratio
is several times larger than the solar value, implying that
some C,NO-processed material has been ejected.

Unfortunately, the rapid decrease in line strength
(see Figure 1) precludcd any attempt to detect the nova
in the nebular phase with IUE and determine elemental
abundances of the ejects. If its ultraviolet evolution
continued to emulate that of V693 CrA. then it would

have been about another month or so before the density
had dropped sufficiently for the high-ionization forbidden
lines of neon, magnesium, and aluminum to become strong.
This point indicates that a follow-up study of this nova
by HST is required m order to determine the abundances
of intermediate-mass clements ejected into the interstellar
medium of the LMC.

We sincerely thank the staff of the IUE Observatory
for their assistance and, especially, C. Shrader for his work
in adjusting the observing schedule, x,Ve also acknowledge
fruitful discussions with M. Dopita on the optical spectrum
during the course of the outburst. This work was supported
in part by NSF grant ASTSS-18215 to ASU, by NASA
grants NAGS-4S1 and NAG5-1393 to ASU. and by the DOE.
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